Summary. Spermatozoa were collected from the caput and cauda epididymidis of rabbits and rats and diluted in Hank's solution containing BSA, with various concentrations of Na+ and K+. Ionic strength and osmolarity were kept constant. Motility was assessed at various intervals during incubation at 25\s=deg\C. In the pH range 7\m=.\05\p=n-\7\m=.\20,the motility of rabbit spermatozoa was not affected by changes in the ratio of K+ to Na+. Similarly, the motility of rat cauda spermatozoa was not altered but that of caput spermatozoa was slightly depressed by a high K+/Na+ ratio. In the pH range 5\m=.\45\p=n-\5\m=.\85,rabbit cauda and caput spermatozoa had much greater motility in media with a high K+/Na+ ratio. The reverse result was obtained for the rat. These findings indicate that the motility of epididymal spermatozoa is influenced by external Na+ and K+ concentrations and that this phenomenon is pH-dependent.
Introduction
Epididymal spermatozoa are non-motile in their own fluids but become intensely active upon dilution with salt solutions (Blandau & Rumery, 1964; Gaddum, 1968; Turner & Howards, 1978) . Ejaculated spermatozoa, however, are motile in undiluted semen and their motility is strongly influenced by various ions (Blackshaw & Emmens, 1951;  Blackshaw, 1953; Bredderman & Foote, 1971;  McGrady, Nelson & Ireland, 1974; Nelson, 1975; Harrison, Dott & Foster, 1978) . Although many studies of the effects of various salt solutions on sperm motility have been made on ejaculated spermatozoa, we know of only one such study on epididymal spermatozoa; Turner & Howards (1978) examined the initiation, but not the maintenance, of motility of rat epididymal spermatozoa.
Micropuncture studies have shown that the fluid in the cauda epididymidis of rats (Levine & Marsh, 1971; Turner, Hartmann & Howards, 1977) and hamsters (Jessee & Howards, 1976) contains extremely high K+/Na+ ratios (2-7-3-2 for rats; 1-5-3-9 for hamsters). Relatively high K+/Na+ ratios have also been found in the fluid of the distal epididymis'in rabbits (Jones & Glover, 1973) , bulls and boars (Crabo, 1965) . Although accumulating evidence suggests that sperm maturation is dependent on the epididymal environment (Orgebin-Crist, Danzo & Cooper, 1976 ) the significance of a high K+/Na+ ratio in the epididymal fluid on the motility and fertilizing capacity of epididymal spermatozoa is unknown. The present investigation is therefore a study of the motility of epididymal spermatozoa in media containing different concentration ratios of K+/Na+ at different pH.
Materials and Methods
Adult male New Zealand White rabbits, weighing 2-1-2-9 kg, and albino rats, weighing •All the solutions also contained; 1-3 mM-CaCl2, 1-0 mM-KH2P04, 1-9 mM-Na2HP04, 1-4 mM-MgS04, 4-2 mM-NaHC03, [5] [6] [7] [8] (Table 2) . At all periods of incubation less than 10% of spermatozoa showed forward progressive movement, and most motUe spermatozoa moved in circular fashion. Simüar results were obtained when spermatozoa were incubated in media containing higher ratios of K+/Na+ (Table 2) .
Cauda epididymidis. Spermatozoa from the cauda epididymidis were initially very active in normal Hank's solution, with about 50% showing progressive movement (Table 2) . Sperm motUity was maintained throughout the experiment, but at 130 min the number of forwardmoving spermatozoa slightly decreased (P < 0-05). Incubation of spermatozoa in Solutions A and had no effect on the total number of motile spermatozoa but caused a rapid reduction in the percentage of cells showing progressive motion at 80 and 130 min (Table 2) . (3-7 ± 1-6)
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61-9 ±4-7"* (26-6 ± 10-2)* (Table 3) , most of the motile spermatozoa showed only weak flagellar beating. Some spermatozoa from the caput epididymidis of 3 out of 9 rats exhibited forward motion similar to that of cauda spermatozoa, and this was maintained for about 1 h (Table 3) . In Solutions A and B, sperm motUity was reduced and only flagellar movement was seen at the later times of incubation (Table 3) .
Cauda epididymidis. As shown in Table 3 , the percentage of all motile spermatozoa from the cauda in normal Hank's solution was not much higher than that of spermatozoa from the caput epididymidis. Nevertheless, the majority of spermatozoa from the cauda exhibited forward progressive motion. The percentage motility decreased slightly after 120 min incubation. Incubation in a media of high K+/Na+ ratios had no effect on the percentages of motile spermatozoa but markedly reduced, within 30 min, the percentages of those that showed progressive movement. Effect ofvarying the ratio ofK+/Na+ in the medium at acidpH Since the motility of ejaculated spermatozoa is affected by pH of the incubation medium (Mann, 1964) and the native fluid of epididymal spermatozoa is at acid pH in the rabbit (Jones & Glover, 1973) and rat (Levine & Marsh, 1971 ; Levine & Kelly, 1978) , the effects of high K+/Na+ ratios in an acidic medium were studied.
Rabbits
Caput epididymidis. The motility of the spermatozoa was markedly depressed in normal Hank's solution (Table 2) . Only a small number of spermatozoa showed forward progressive motion in 2 out of 7 rabbits: most motile spermatozoa showed only weak flagellar beating. Changing the ratio of K+/Na+ in the medium did not significantly alter sperm motility, but incubation in Solution transiently increased the percentage of motile spermatozoa at 10 min (Table 2) .
Cauda epididymidis. After 10 min incubation sperm motiUty in all 3 media was not significantly different from that at neutral pH (Table 2) . However, the rapid reduction of sperm motility as incubation continued was significantly less in Solution B, and this beneficial effect of Solution was observed within 30 min ( 5-80-5-85 , and these spermatozoa showed only weak flagellar beating. However, there was a gradual increase in the percentage of motile spermatozoa as incubation progressed (Table 3) . Incubation in Solutions A and did not improve the depression of sperm motility.
Cauda epididymidis. In normal Hank's solution sperm motility was slightly higher and was better maintained when the medium was acid than when it was neutral (Table 3) . Motility in Solutions A and was reduced at the end of incubation. The effects on forward progressive motility were slight (Table 3) .
Discussion
This study confirms the previous qualitative observations on the motility of epididymal spermatozoa of rats (Blandau & Rumery, 1964) and rabbits (Gaddum, 1968 ) that spermatozoa taken from various regions of epididymis showed different patterns of movement. In addition, the present investigation has made quantitative measurement of sperm motility under various conditions. In normal Hank's solution at neutral pH, the motility of spermatozoa obtained from the rabbit caput epididymidis was significantly less than that taken from the cauda epididymidis of the same animal at all periods of incubation (Table 2 ). In the rat, however, the percentages of motile spermatozoa from both the caput and cauda epididymidis were approximately the same, although the number of motile spermatozoa which showed forward progression in the cauda epididymidis was much greater than that in the caput (Table 3) . Our data on rat cauda spermatozoa are comparable to those reported by Wyker & Howards (1977) , but the caput spermatozoa in the latter study showed lower motility than that obtained in this study. One possible explanation for this discrepancy may be the different degrees of dilution.
At neutral pH, a change in the ratio of K+/Na+ from 0-05 to 6-88 had no effect on the motility of rabbit caput and cauda spermatozoa and only slight inhibition was noted for rat caput spermatozoa. However, spermatozoa from the rabbit cauda epididymidis had much greater motUity in an acidic medium with a high K+/Na+ ratio (Table 2) while these conditions suppressed motility of rat spermatozoa from the caput and cauda (Table 3 ). The effect of a high K+/Na+ ratio on sperm motility therefore depends on the pH of the medium and on the species. Similar differences between species have been reported for ejaculated spermatozoa (Blackshaw & Emmens, 1951; Blackshaw, 1953; McGrady et al, 1974; Harrison et al, 1978) . A medium containing a sodium concentration greater than 34 mM depressed the motility of ejaculated spermatozoa from rabbits only at pH 9-6-9-7 (Emmens, 1947 (Emmens, , 1948 .
The initiation of motility of rat spermatozoa from their quiescent state in the epididymal fluid can be produced by addition of ionic solutions (Turner & Howards, 1978) . Although the requirement for ions in the activation of motUity was non-specific, it appeared that at pH values between 6-8 and 7-2, sperm motility was better maintained in isotonic solutions containing Na+ or K+. In addition, cauda spermatozoa were equally active in isotonic sodium chloride or potassium chloride solutions for up to 1 h. This is in agreement with the lack of effect of changing the concentration of Na+ and K+ in the medium at neutral pH in the present study. The mechanism by which the acidic medium with a high concentration of K+ and a low concentration of Na+ exerts a favourable effect on the motility of cauda spermatozoa in the rabbit but an unfavourable effect in the rat is not known at present. Moreover, it is uncertain whether the effect on sperm motUity of the various media used in this study is brought about by changes in the ratio of K+/Na+ or by changes in the total concentration of Na+ + K+ in the medium. However, it could not be due to changes in osmolarity or ionic strength since both factors were always kept constant. The concentrations of Na+ and K+ in the medium were not significantly altered (less than 1%) by additions of the small volume (1-2 pi) of the epididymal fluid (see 'Materials and Methods'). The influence of Na+ and K+ concentrations implies a possible involvement of (Na+ + K+)-activated ATPase in the motility of epididymal spermatozoa in rabbits and rats, as has been suggested in boars (Uesugi & Yamazoe, 1966) , rams and bulls (Quinn & White, 1968 
